IntrODuCtIOn
The Macau primary care system was established in the 1980s. After more than 30 years of development, it has become a comprehensive medical network. 1 Dyslipidaemia is one of the major risk factors for cardiovascular disease (CVD), and statin therapy can effectively reduce the incidence of major coronary events and stroke. [2] [3] [4] [5] [6] For every 1.0 mmol/L reduction in low-density lipoprotein cholesterol (LDL-C), the risk of coronary heart disease (CHD) mortality decreases by 19%, and the risk of overall mortality decreases by 12%. 7 In Macau, CVD is the second leading cause of death after malignancy. 8 Therefore, good cholesterol control is an important factor in reducing the mortality rate and improving the health of Macau residents. At the same time, good cholesterol control also substantially reduces the government's financial expenditure on tertiary prevention.
More than 95% of Macau residents are Chinese. Other populations include native Portuguese and other ethnic minorities. Most patients with dyslipidaemia in Macau are followed up by general practitioners (GPs) in the primary care setting of the Macau Health Bureau. Most GPs in the Macau primary care setting prefer to manage dyslipidaemia based on the National Cholesterol Education Program Adult Treatment Panel (ATP) III guidelines. 9 The strategy adopted by the ATP III guidelines is to first assess the patient's risk factors, then stratify the patient's risk level, and finally set the appropriate cholesterol control target based on the patient's risk level. For primary prevention, subjects assigned to statin therapy included those categorised as follows: (1) high risk (CHD risk equivalents or CHD risk factors≥2 and 10-year risk for CHD>20%) with an LDL-C target of <2.6 mmol/L; (2) moderately high risk (CHD risk factors≥2 and 10-year risk for CHD 10%-20%) with an LDL-C target of <3.4 mmol/L; (3) moderate risk (CHD risk factors≥2 and 10-year risk for CHD<10%) with an LDL-C target of <3.4 mmol/L and (4) low risk (0-1 CHD risk factors) with an LDL-C target of <4.2 mmol/L. For secondary prevention, the LDL-C target should be lower than 2.6 mmol/L. 9 Open access Based on the ATP III guidelines, the Framingham risk assessment 10 was used to identify the patient's CHD risk. To this end, the Framingham risk assessment software was installed in the electronic medical record system of the Macau Health Bureau. Despite the simplicity and long-term effectiveness of dyslipidaemia interventions, the current quality of dyslipidaemia management in the Macau primary care setting is suboptimal, especially in high-risk patients. 11 Combining audits with feedback is a method of improving the quality of healthcare; this method effectively improves patient management and health providers' adherence to treatment recommendations, as shown in previous observational studies. [12] [13] [14] However, the Cochrane database systematic review in 2012 suggested that an audit and feedback programme led only to small although potentially important improvements in professional practice and that the effectiveness of an audit and feedback programme seems to depend on baseline performance and the manner in which feedback is provided. 15 16 Thus far, there are no similar studies or reports in Macau.
The objective of this study was to test the effectiveness of an audit programme to improve dyslipidaemia management among patients attending primary care clinics in Sao Lourenco Health Center by classifying their risk levels and measuring the proportions of patients who achieved reasonable management of dyslipidaemia and optimal cholesterol targets based on the ATP III guidelines. 9 MethODs Context This quality improvement study was conducted at the Sao Lourenco Health Center, which is one of the health centres on the Macau Peninsula. As of 2017, the 52 819 registered patients were equivalent to nearly one-tenth of the population of Macau and more than 95% of them were Chinese. This study consisted of three steps: (1) baseline data collection (1 September 2017 to 31 December 2017); (2) feedback provided in an educational context (January 2018) and (3) secondary data collection to complete the audit cycle (1 September 2018 to 31 November 2018)(figure 1).
Intervention
The educational element consisted of a 120 min interactive workshop and a 15 min one-on-one discussion between the auditor and all GPs at the Sao Lourenco Health Center to discuss the steps involved in using the ATP III guidelines and ensure that all the participating GPs use the ATP III guidelines correctly. The workshop and one-on-one discussions were mainly based on the audit results. Additionally, all GPs received a personal audit report regarding dyslipidaemia management in their cases.
Measures
The baseline data collection was performed using computerised clinical records from 1 September 2017 to 31 December 2017. All 12 GPs who worked in the Sao Lourenco Health Center participated in the study. According to each GP's outpatient appointment list, we reviewed 100 consecutive patients according to when the patient came for follow-up. In total, 1200 patient records were systematically reviewed. The selected cases fulfilled all the following inclusion criteria: (1) patients aged ≥21 and ≤75 years, irrespective of sex; (2) patients who attended the Sao Lourenco Health Center primary care clinic at least once per year and who had a lipid profile record before the initiation of statin therapy and (3) patients with at least one lipid profile record within 3 years if the patient was not on a statin. The patients were excluded if they missed their appointment or did not fulfil the above inclusion criteria. Patient demographics, physical measures, lipid profiles, risk factors and concomitant medications were extracted from the computerised medical records. Ultimately, 896 patients fulfilled the inclusion criteria. The intervention was performed in January 2018. Approximately 9 months later, following the provision of feedback, a second data collection was performed with the computerised clinical records from 1 September 2018 to 31 November 2018, using the same method that was applied for the baseline data collection. In this step, all 11 GPs who currently worked in the Sao Lourenco Health Center participated, and 1100 records of patients who were seen by these 11 GPs were systematically reviewed. Ultimately, 862 patients fulfilled the inclusion criteria. It should be noted that the patients before the intervention and the patients after the intervention were not necessarily the same patients.
Analysis
Based on the ATP III guidelines, the patients' risk levels were based on their condition at the start of statin therapy, and the last lipid profile was used to evaluate the efficiency of statin therapy. 9 The primary outcome was the proportions of patients with reasonable management (patients on statins who were eligible for statin therapy or patients not on statins who were not eligible), undertreatment (patients who were not on statins therapy but were eligible) and overtreatment (patients who were on statins even though they were not eligible). The secondary outcome was the proportion of patients with LDL-C levels meeting the target recommended by the ATP III guidelines. The proportions of patients achieving optimal cholesterol targets were compared between (1) before and after the intervention, (2) ATP III risk categories and (3) males and females. The baseline data were collected from the cases of 12 GPs who worked in the Sao Lourenco Health Center. Two of the 12 GPs were transferred to another health centre, and one new physician started working at the Sao Lourenco Health Center in 2018. After the intervention, the reaudit data were collected from the 11 current GPs.
Categorical variables are expressed as proportions, while continuous variables are expressed as the mean±SD. Independent sample t-tests were used to compare normally distributed continuous variables, and Pearson's χ²chisquare test was used to test for differences in the categorical variables. Where applicable, p<0.05 was considered significant. Percentages were calculated on the basis of the total number of responses.
All statistical analyses were carried out using SPSS V.24 (IBM, Armonk, New York, USA).
results
Overall patient cohort The general characteristics before and after the intervention are summarised in table 1. There were no significant differences in the mean ages of the patients in the groups before and after the intervention. Compared with the patient group before the intervention, more patients with type 2 diabetes were included in the second data collection (21.5% vs 27.8%, p=0.002), and fewer patients were identified in the moderate-risk group (1.2% vs 5%; p<0.0001) and the low-risk group (57.6% vs 47.3%; p<0.0001).
No significant differences were observed in the proportion of patients who were eligible for statins in the patient groups before and after the intervention (43.5% vs 47.7%; p=0.08). Before the intervention, 83.9% of the patients were receiving reasonable management of dyslipidaemia; this percentage rose to 88.5%, while fewer cases of overtreatment and undertreatment were observed at the second data collection (p=0.005) (table 2). Among the patients who were eligible for statins, LDL-C targets were achieved in 65% of the postintervention group and 55.1% of the preintervention group (p=0.004) (table 3).
In the patients who were eligible for statins, 80.7% were treated with simvastatin, 12% received atorvastatin and 7.3% received rosuvastatin at the second data collection. No significant difference was found with regard to the proportions in the preintervention patient group (79.7%, 12.5% and 7.8%, respectively, p=0.943). Moreover, when comparing the mean dosage of statins between the preintervention and postintervention groups, no significant difference was observed between patients on simvastatin (19.26 mg vs 20 mg, p=0.220) and atorvastatin (21.58 vs 23.54, p=0.385), but a significantly higher dose of rosuvastatin was used in the postintervention group (9.5 mg vs 13.2 mg, p=0.009). In addition, compared with the patients who achieved the LDL-C target, those who did not achieve the LDL-C target were more likely to have hypertension (HTN) (63% vs 69.7%, p=0.048) and low high-density lipoprotein (HDL) levels (12.7% vs 18.8%, p=0.017) and to be smokers (13.9% vs 20.7%, p=0.011). Table 4 summarises the baseline lipid parameters of the groups before and after the intervention. There were no significant differences in the baseline LDL-C, HDL or triglyceride levels, but the patient group after intervention had a lower total cholesterol level (p=0.011).
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lipid parameters
AtP III risk categories
Based on the risk assessment using the ATP III guidelines, 10 most patients were identified as being in the high-risk category (established CHD or 10 year CHD risk >20, diabetes mellitus) or the low-risk category (0-1 risk factor). Of the high-risk category patients, 20.3% were undertreated before the intervention, which decreased to 14.8% after the intervention, although the difference was not significant (p=0.073). Of the patients who were eligible for statins in this risk category, the proportion of patients achieving the LDL-C target was significantly higher in the postintervention group than in the preintervention group (61% vs 49.4%, p=0.007). Similar improvements in dyslipidaemia management were also seen in the lowrisk category patients. More patients received appropriate management of dyslipidaemia (86.2% vs 93.1%, p=0.001) and less overtreatment (12.6% vs 5.9%, p=0.001), and more patients who were eligible for statins achieved the LDL-C target (62.9% vs 80.9%, p=0.014) (table 5). 
Open access
sex differences
No significant difference in sex distribution was found between the groups before and after the intervention (table 1) . Comparisons between sexes are shown in table 6. Compared with men, women had a significant decrease in the overtreatment of dyslipidaemia after the intervention (10.2% vs 4.8%; p=0.001). Among the patients who were eligible for statins, male patients showed a significant increase in meeting LDL-C treatment targets after the intervention (52.1% vs 62.9%; p=0.013).
DIsCussIOn
Main findings
The results of this study demonstrated that there was significant improvement in the proportion of patients achieving their LDL-C target following the audit and feedback intervention. The audit and feedback intervention focused on the identification of and setting of treatment targets for patients with dyslipidaemia, as recommended in the ATP III guidelines. 10 One-on-one discussions between the auditor and GPs were used to identify the knowledge gaps each GP had regarding dyslipidaemia management based on the baseline data analysis. The intervention required some personnel time: approximately 2 hours was needed to review one physician's case records, a 120 min interactive workshop was conducted by one instructor and a 15 min one-on-one discussion was performed with each GP. Failure to achieve LDL-C targets is prevalent worldwide. [17] [18] [19] In the Dyslipidemia International Study, 44.5% of all patients from the Middle East achieved the LDL-C target, while only 30.5% of the very high-risk patients achieved their LDL-C target. 17 In the UK, 63% of all patients achieved their LDL-C targets. 18 In the European Study on Cardiovascular Risk Prevention and Management in Daily Practice (EURIKA), only 42% of all patients achieved their LDL-C targets. 19 The audit programme in this study improved dyslipidaemia management and led to levels of target achievement similar to those in other developed countries.
Several reasons may explain the suboptimal control of dyslipidaemia in the Sao Lourenco Health Center. First, some GPs lacked awareness of the treatment guidelines, and knowledge gaps existed. Compared with the patients who achieved the LDL-C target, significantly more patients who did not achieve the LDL-C target had HTN and low HDL levels and were smokers, and these major risk factors for CHD were easily ignored by GPs when identifying the patients' risk categories. These results indicated that the CHD risk of some patients was underestimated and that their LDL-C targets were not sufficiently stringent. Additionally, some GPs use a fixed threshold to decide whether to start cholesterol therapy, leading to overtreatment of female patients. Second, there are many published guidelines for the management of dyslipidaemia in the world, but there is no clear recommendation from the Macau Health Bureau for primary care GPs to follow. The impact of conflicting guidelines will potentially create even more difficulty for GPs with regard to the appropriate identification of risk categories for their patients, leading to significant barriers to translating evidence-based, guidelinerecommended targets into routine primary practice. These barriers may include suboptimal drug or dose selection and failure to titrate therapy. Third, high staff turnover and chronic understaffing may also influence the management of dyslipidaemia. Finally, patient factors include inadequate attention to dyslipidaemia management and poor drug compliance.
After the intervention programme in this study, the GPs' knowledge of suboptimal management of dyslipidaemia was improved, and the participating GPs were clearly better able to identify a patient's risk category and set an ideal LDL-C target. With this improvement, more high-risk patients and male patients achieved their LDL-C targets, and more female patients received reasonable management of dyslipidaemia because they were classified in the correct risk category and treated with an optimal dosage of statin, enabling them to meet their LDL-C targets. The result of this study agrees with the conclusion of a systematic Cochrane review of audit and feedback programmes in 2009, which noted that the effectiveness of audit and feedback interventions is improved when feedback is delivered with specific suggestions for improvement. 15 Open access
Key points
Question: What is this research focused on exploring, validating or solving? ► This study tested the effectiveness of an audit and feedback programme for dyslipidaemia management in a primary care setting in Macau.
Finding: What conclusions did this research draw through design, method and analysis?
► The audits and feedback significantly improved dyslipidaemia management in the Macau primary care setting.
Meaning: What is the value, meaning and impact of your research? Is there any follow-up study based on this research?
► The findings in this study support the use of audit and feedback programmes in other primary care settings for improving dyslipidaemia management.
strengths and limitations of the study Our study has several limitations that should be addressed. First, the risk estimation and lipid parameters were based on current or retrospective data rather than prospective observations; however, this study reflects the 'real-world' practice. Second, we cannot confirm that the GPs in the Sao Lourenco Health Center are representative of all GPs in the Macau primary care setting. The impact of selection bias is also unclear, given that non-participating GPs and their patients may have been less or more likely to follow the treatment guidelines and attain their targets.
COnClusIOn
The audit programme improved dyslipidaemia management in the primary care setting. As statin therapy can effectively reduce the incidence rates of major coronary events and stroke, clear guidelines for dyslipidaemia management should be developed, disseminated and implemented in the Macau primary care setting. GPs need to be adequately trained to ensure that patients receive appropriate treatment. At the same time, regular and individualised quality assessments of GPs can help improve the quality of their clinical work.
